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(54) Refrigerant evaporator and manufacturing method for the same 



(57) An evaporator has plural tubes (2-5, 42-45) ar- 
ranged in parallel with each other in a width direction 
perpendicular to an air flowing direction (A). The tubes 
are further arranged in a plural rows in the air flowing 
direction, and lank portions (8-1 3) extending in Ihe width 
direction are arranged in the plural rows in the air flowing 
direction to correspond to the tubes. In the evaporator, 
refrigerant flows through a zigzag-routed refrigerant 
passage formed by the tank portions and the lubes. A 
partition wafi (1 6, 1 7) defining adjacent two tank portions 
in the air flowing direction has plural bypass holes (18) 
through which the adjacent two tank portions directly 
communicate with each other. Therefore, the zigzag- 
routed refrigerant passage of the evaporator is readily 
formed without an additional side passage or the like. 
Thus, the number of components of the evaporator is 
reduced thereby simplifying the structure of the evapo- 
rator, and pressure loss of refrigerant flowing in the 
evaporator Is decreased. 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to an evaporator 
for evaporating refrigerant of a refrigerant cycle and a 
method for manufacturing the evaporator. The evapora- 
tor is suitable for a vehicle air conditioner. 

2. Related Art: 

[0002] USP 5,701 ,760 discloses a refrigerant evapo- 
rator by the applicant of the present Invention. As shown 
in FIG. 20, an evaporator 100 has an upper inlet-side 
tank 50, a lower inlet-side tank 51 , an upper outlet-side 
tank 52 and a tower outlet-side tank 53. The upper inlet- 
side tank 50 and the upper outlet-side tank 52 are dis- 
posed at an upper end of the evaporator 100, and the 
lower inlet-side tank 51 and the lower outlet-side tank 
53 are disposed at a lower end of the evaporator 100. 
The evaporator 100 includes an inlet-side heat ex- 
change portion X and an outlet-side heat exchange por- 
tion Y. The inlet-side heat exchange portion X is dis- 
posed on a downstream air side of the outlet-side heat 
exchange portion Y with respect to an air flowing direc- 
tion A. 

[0003] Further, the evaporator 1 0O has plural tubes 
through which refrigerant flows. Each of the tubes is 
formed by connecting a pair of metal thin plate having 
a bowl-like protruding portion at both longitudinal ends 
thereof. Each of the bowl-like protruding portions is in- 
tegrally connected with each other, thereby forming the 
tanks 50-53. 

[0004] As shown in FIG. 20, refrigerant is introduced 
into the evaporator 100 from an inlet 54a formed in a 
pipe joint 54 and flows into a first Inlet-side tank portion 
51a of the lower inlet-side tank 51 through a side pas- 
sago 55. Then, refrigerant flows upwardly through a 
downstream-air-side passage I of the tubes and flows 
into the upper inlet-side tank 50. Refrigerant in the upper 
inlet-side tank 50 flows downwardly through a down- 
stream-air-side passage II of the tubes and flows into a 
second inlet-side tank portion 51 b of the bwer inlet-side 
tank 51. Next, refrigerant flows from the second inlet- 
side tank portion 51 b into a first outlet-side tank portion 
52a of the upper outlet-side tank 52 through a side pas- 
sage 56. Then, refrigerant flows downwardly through an 
upstream-air-side passage 111 of the tubes and flows into 
the lower outlet-side tank 53. Refrigerant in the lower 
outlet-side tank 53 flows upwardly through an upstream- 
air-side passage IV of the tubes and flows into a second 
outlet-side-tank portion 52b of the upper outlet-side tank 
52. Finally, refrigerant flows through a side passage 57 
and is discharged to the outside of the evaporator 100 
through an outlet 54b . 

[0005] In the evaporator 100, the inlet-side heat ex- 



change portion X is disposed on the downstream air side 
of the outlet-side heat exchange portion Y, and a ftowing 
directbn of refrigerant in the inlet-side heat exchange 
portion X corresponds to that in the outlet-side heat ex- 

5 change portion Y. That is, in FIG. 20, refrigerant flows 
upwardly on a right, side of partition members 58, 59 
and flows downwardly on a, left side of the partition 
members 58, 59 in both of the heal exchange portions 
X, Y. Therefore, even when liquid-gas twophase refrig- 
erant is biasedly distributed into the passages l-IV, air 
having an uniform temperature distribution is blown out 
from tho evaporator 100. Further, refrigerant flows in a 
zigzag route through tho passages I, II in tho inlet -side 
heat exchange portion X and through the passages III, 

^5 IV in the outlet-side heat exchange portion Y As a result, 
heat amount absorbed by refrigerant is increased, 
thereby improving cooling performance of the evapora- 
tor 100. 

[0006] However, the evaporator 1 GO requires the side 
20 passage 56 for a communication between the passage 
II and the passage III, and the side passages 55, 57 for 
a communication between the inlet 54a and the passage 
I and a communication between the passage IV and the 
outlet 54b. Each of the side passages 55-57 may be 
25 formed between two metal thin plates disposed on an 
end surface of the evaporator 100. As a result, the 
number of parts of the evaporator 100 is increased, 
thereby increasing production cost of the evaporator 
100. Further, pressure loss of refrigerant in the evapo- 
20 rater 100 is increased due to the side passages 55-57. 
As a result, evaporation pressure and evaporation tem- 
perature of refrigerant in the evaporator 100 is in- 
creased, and cooling psrformanoo cf the evaporator 1 00 
is decreased. 

35 

SUMMARY OF THE INVENTION 

[0007] In view of the foregoing problems, it is an object 
of the present invention to provide an evaporator having 
^0 a zigzag-routed refrigerant passage formed by plural 
tanks and plural tubes arranged in plural rows, in whrch 
the number of parts is reduced thereby simplifying a 
structure, and pressure loss of refrigerant is reduced. 
[0008] According to the present invention, an ©vapo- 
rs rator includes a plurality of tubes through which refrig- 
erant flows and a tank disposed at both longitudinal 
ends of each tube for distributing refrigerant to the tubes 
and collecting refrigerant from the tubes. The tubes is 
arranged in parallel with each other in a width direction 
50 perpendicular to a flow direction of external fluid passing 
through the evaporator, and is further arranged in plural 
rows in the flow direction of the external fluid. The evap- 
orator further has a partition wall for defining the tank 
into plural tank portions extending in the width direction, 
55 and the tank portions are arranged in the plural rows in 
the flowing direction of the external fluid to correspond 
to the arrangement of the tubes. The partition wall has 
a bypass passage unit through which adjacent two tank 
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portions communicate with each other in the flow direc- 
tion of the external fluid. As a result, a zigzag-routed re- 
frigerant passage of the evaporator is readily formed 
without using an additional side passage or the like. That 
is. the bypass passage unit is formed in the partition s 
wall, a U-turn routed refrigerant passage is readily 
formed in the evaporator. Therefore, the number of parts 
of the evaporator is reduced, thereby simplifying the 
structure thereof and reducing production cost thereof. 
Further, pressure loss of refrigerant in the evaporator is io 
decreased, thereby improving cooling performance of 
the evaporator. 

[0009] Preferably, the bypass passage unit is plural 
holes arranged in the width direction perpendicular both 
of the flow direction of the external fluid and a flow di- is 
rection of refrigerant in each tube. Therefore, the U-turn 
routed refrigerant passage is readily simply fohned in 
the evaporator without a side passage for U-tuming the 
refrigerant flow. 

[0010] More preferably, the tubes and the tank por- 20 
tions are separately formed and thereafter integrally 
connected with each other. Therefore, a thickness of 
each tube can be decreased so that a size of the evap- 
orator is reduced and minuteness of a heat exchange 
portion of the evaporator is improved, while a thickness 2S 
of each of the tank portions can be increased so that 
each of the tank portions has sufficient strength. Further, 
the tank portions and the partition wall having the holes 
are formed from a single thin metal plate by bending the 
single thin metal plate. Therefore, the producing cost of 30 
the evaporator can be further reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Additional objects and advantages of the 35 
present invention will be more readily apparent from the 
following detailed description of preferred embodiments 
when taken together with the accompanying drawings, 

in which: 

40 

FIG. 1 is a schematic perspective view showing an 
evaporator according to a first preferred embodi- 
ment of the present invention; 
FIG. 2 is a schematic sectional view showing an end 
surface of tank portions of the evaporator according 4S 
to the first embodiment; 

FIG. 3A is a schematic sectional view showing a 
tube of the evaporator according to the first embod- 
iment. FIG. 3B is a view for enplaning a tube forming 
material according to the first embodiment, and so 
FIG. 3C is a view for explaining an applying state of 
brazing material onto a tube-forming member ac- 
cording to the first embodiment: 
FIG. 4 is a cross-sectional view showing a connec- 
tion structure between the tank portions and the ss 
tube of the evaporator according to the first embod- 
iment; 

FIG. 5A is a flat view showing a longitudinal end por- 



tion of the tube of the evaporator according to the 
first embodiment, FIG. 58 is a front view showing 
the longitudinal end of the tube according to the first 
embodiment, FIG. 5G is an enlarged partial view of 
FIG. 5B, FIG. 5D is an enlarged perspective view 
showing the longitudinal end portion of the tube ac- 
cording to the first embodiment, and FIG. 5E is a 
schematic view showing a connection structure be- 
tween the longitudinal end portk)n of the tube and 
the tank portion of the evaporator according to the 
first embodiment; 

FIG. 6 is a cross -sectional view showing a connec- 
tion structure between the tank portions and the 
tube of the evaporator according to a modification 
of the first embodiment; 

FIG. 7 is a view for explaining an applying state of 
brazing material onto corrugated fins of the evapo- 
rator according to the first embodiment; 
FIG. 8 is an enlarged perspective view showing a 
disassemble, state of partition plates and the tank 
portions of the evaporator according to the first em- 
bodiment; 

FIG. 9 is a perspective view showing a lid portion 
for the tank portions of the evaporator according to 
the first Embodiment; 

FIG. 10 is a perspective view showing a pipe joint 
portion of the evaporator according to the first em- 
bodiment; 

FIG. 11 is a perspective view showing a lid portion 
to which the pipe joint portion is attached according 
to the first embodiment; 

FIG. 1 2A is a front view showing the pipe joint por- 
tion of the evaporator according to the first embod- 
iment, FIG. 128 is a cross-sectional view taken 
ate)ng line XIIB-XIIB in FIG. 12A, and FIG. 12C is a 
front view showing an intermediate plate member 
of the pipe joint portion according to the first embod- 
iment; 

FIGS. 13A-13C are cross-sectkDnal views showing 
bypass holes of the evaporator according to the first 
embodiment; 

FIGS. 14A-14D are cross-sectional views showing 
a method for forming the bypass hole of the evap- 
orator according to the first embodiment; 
FIG. 15 is an disassemble perspective view show- 
ing a partition wall having a throttle hole and tank 
portions of an evaporator according to a second 
preferred embodiment of the present invention; 
FIG. 16 is a schematic perspective view showing 
attachment, positions of each partition wall having 
the throttle hole in the evaporator according to the 
second embodiment; 

FIG. 1 7 is a schematic perspective view showing an 
evaporator according to a third preferred embodi- 
ment of the present invention; 
FIG. 18 is a schematic view showing a connection 
structure between tank portions and a tube of the 
evaporator according to the third embodiment; 
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FIG. 19 is a cross-sectional view showing the tube 
of the evaporator according to the third embodi- 
ment; and 

FIG. 20 is a schematic perspective view showing a 
refrigerant passage of a conventional evaporator 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Preferred embodiments of the present inven- 
tion are described hereinafter with reference to the ac- 
companying drawings. 

[001 3] A first protcrrod cmbodimont of the present in- 
vention will be described with reference to FIGS- 1 -1 4D. 
In the first embodiment, the present invention is typically 
applied to an evaporator 1 of a refrigerant cycle for a 
vehicle air conditioner As shown in FIG. 1, the evapo- 
rator 1 is disposed in a unit case of a vehicle air condi- 
tioner (not shown) in an up-down direction shown in FIG. 
1 . When air is blown by a blower (not shown) and passes 
through the evaporator 1 in an air flowing direction A in 
FIG. 1. heat exchange is performed between blown-air 
and refrigerant flowing through the evaporator 1 . 
[0014] The evaporator 1 has plural tubes 2 - 5 through 
which refrigerant flows in a longitudinal direction of the 
tubes 2-5. The tubes 2-5 are arranged in parallel with 
each other in a width direction perpendicular to both of 
the air flowing direction A and the longitudinal direction 
of the tubes 2-5. Further, the tubes 2-5 are arranged In 
two rows disposed adjacent to each other in the air flow- 
ing direction A. That is, the tubes 2, 3 are arranged at a 
downstream air side, and the tubes 4, 5 are arranged at 
an upstream arr side of the tubes 2. 3. Each or the lubes 
2-5 is a flat tube fonming a refrigerant passage with a 
flal cross-seclion therein. The lubes 2, 3 form a refrig- 
erant passage of an inlet-side heat exchange portion X. 
and the tubes 4, 5 form a refrigerant passage of an out- 
let-side heat exchange portion Y. In FIG. 1 , the tubes 2 
are disposed at a left side of the inlet-side heat ex- 
change portion X, and the tubes 3 arc disposed at a right 
side of the Inlet-side heat exchange portion X. Similarly, 
the tubes 4 are disposed at a left side of the outlet-side 
heat exchange portion Y, and the tubes 5 are disposed 
at a right side of the outlet-side heat exchange portion Y, 
[001 5] The evaporator 1 has an inlet 6 for introducing 
refrigerant and an outlet 7 for discharging refrigerant. 
Low-temperature and low-pressure gas-liquid two- 
phase refrigerant decompressed by a thermal expan- 
sion valve (not shown) of the refrigerant cycle is intro- 
duced into the evaporator 1 through the inlet 6. The out- 
let 7 is connected to an inlet pipe of a compressor (not 
shown) of the refrigerant cycle so that gas refrigerant 
evaporated in the evaporator 1 is returned to the com- 
pressor through the outlet 7. In the first embodiment, the 
inlet 6 and the outlet 7 are disposed on an upper left end 
surface of the evaporator 1 . 

[0016] The evaporator 1 has an upper left inlet-side 
tank portion 8 disposed at an upper left inlet side, a lower 



inlet-side tank portion 9 disposed at a lower inlet side, 
an upper right inlet-side tank portion 10 disposed at an 
upper right inlet side, an upper right outlet-side tank por- 
tion 11 disposed in an upper right outlet side of the evap- 
5 orator 1 , a lower outlet-side tank portion 1 2 disposed at 
a lower outlet-side, and an upper left outlet-side tank 
portion 1 3 disposed at an upper left outlet side. The inlet 
6 communlcales with the upper left inlel-side lank por- 
tion 8, and the outlet 7 communicates with the upper left 

10 outlet-side tank portion 13, Refrigerant is distributed 
from the tank portions 8-10 into each of the tubes 2-5 
and iscolloctcd from each of tho tubes 2-5 into the tank 
portions 8-1 3. The tank portions 8-13 arc also arranged 
in two rows adjacent to each other in the air flowing di- 

15 rection A, corresponding to the tubes 2-5. That is, the 
inlet-side tank portions 8-10 are disposed on the down- 
stream air side of the outlet-side tank portions 11-13. 
[001 7] The upper inlet -side tank portions 8. 10 are de- 
fined by a partition plate 1 4 disposed therebetween, and 

20 the upper outlet-side tank portions 1 1 , 1 3 are defined by 
a partition plate 15 disposed therebetween. The bwer 
inlet-side tank portion 9 and the lower outlet-side tank 
portion 12 are not partitioned, and extend along an en- 
tire width of the evaporator 1 in the width direction. 

25 [001 8] In the inlet-side heat exchange portion X of the 
evaporator 1 , each upper end of the tubes 2 communi- 
cates with the upper left inlet-side tank portion 8, and 
each lower end of the tubes 2 communicates with the 
lower inlet-side tank portion 9. Similarly each upper end 

30 of the tubes 3 communicates with the upper right inlet- 
side tank portion 10, and each lower end of the tubes 3 
communicates with the lower inlet-side tank portion 9. 
in The ouriei-sice neat "excnange porcion Y of the evap- 
orator 1, each upper end of the tubes 4 communicates 

55 with the upper left outlel-side tank portion 13, and each 
lower end of the tubes 4 communicates with the tower 
outlet-side tank portion 12. Similarly, each upper end of 
the tubes 5 communicates with the upper right outlet- 
side tank portion 11 and each lower end of the tubes 5 

40 communicates with tho lower outlct-sidc tank portton 1 2. 

[0019] Apartition wall 16 fe formed between the upper J 
left inlet-side tank portion 8 and the upper left outlet-side 
tank portion 13, and between the upper right inlet-side 
tank portion 10 and the upper right outlet -side tank por- 

45 tion 11 . That is, the partition wall 16 extend in the whole 
width of the evaporator 1 in the width direction. A parti- 
tion wall 17 is also formed between the lower inlet-side 
tank portion 9 and the lower outlet-side tank portion 12 
to extend in the whole width of, the evaporator 1 in the 

50 width direction. The partition Walls 16. 17 are integrally 
formed with the tank portions 8-13. 
[0020] In the first embodiment of the present inven- 
tion, a right-side portion of the partition wall 1 6 partition- 
ing the tank'portions 10, 11 in FIG. 1 has plural bypass 

55 holes 1 8 through which the tank portions 1 0, 1 1 commu- 
nicate with each other in the first embodiment, the by- 
pass holes 1 8 are formed to respectively correspond to 
the tubes 3, 5. so that refrigerant is uniformly distributed 
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into the tubes 3. 5. That is, the number of the bypass 
holes 18 is the same as the number of each of the tubes 
a 5, 

[0021] The bypass holes 18 are simultaneously 
stamped on the partition wall 16 made of a metal thin s 
plate (e.g., aluminum thin plate) through pressing or the 
like. In the first embodiment, each of the bypass holes 
18 is formed Into a rectangular' shape. Opening areas of 
the bypass holes 18 and arrangement positions of the 
bypass holes 1 8 are determined so that most appropri- io 
ate distribution of refrigerant flowing into the tubes 3, 5 
is obtained. In FIG. 1, the bypass holes 18 arc formed 
to have an uniform area. Therefore, the bypass holes 
18 are readily formed. However, the opening areas of 
the bypass holes 1 8 and the shapes thereof may be ar- 13 
bitrarily, changed. 

[0022] Plural wave-shaped corrugated fins 1 9 are dis- 
posed between adjacent tubes 2-5. and are integrally 
connected to flat surfaces of the tubes 2-5. Further, plu- 
ral wave-shaped inner fins 20 are disposed inside each 20 
of the tubes 2-5, Each wave peak portion of the inner 
fins 20 is bonded to each inner surface of the tubes 2-5, 
Due to the inner fins 20, the tubes 2-5 are reinforced 
and a heat conduction area for refrigerant Is increased, 
thereby improving cooling performance of the evapora- 25 
tor 1 . The tubes 2-5, the corrugated fins 1 9 and the inner 
fins 20 are integrally brazed to form the heat exchange 
portions X, Y of the evaporator 1. In the first 
embodiment . the evaporator 1 is assembled by inte- 
grally connecting each of parts through brazing. so . 
[0023] Next, operation of the evaporator 1 according 
to the first embodiment of the present invention will be 
described. As shown in FIG. 1, first, low-temperature 
and low-pressure gas-liquid two-phased refrigerant de- 
compressed by the expansion valve (not shown) of the 35 
refrigerant cycle is introduced into the upper left inlet- 
side tank portion 8 from the inlet 6, and is distributed 
into the tubes 2 to flow downwardly through the tubes 2 
as shown by arrow "aV Then, refrigerant flows through 
the lower inlct-sido tank portion 9 right wardly as shown 40 
by arrow "b", and is distributed into the tubes 3 to flow 
upwardly through the tubes 3 as shown by arrow "c". 
Refrigerant flows into the upper right inlet-side tank por- 
tion 10, passes through the bypass holes 18 as shown 
by arrow "d". and flow into the upper right outlet-side 45 
tank portion 1 1 . Thus, refrigerant moves from the down- 
stream air side to the upstream air side through the by- 
pass holes 18. Thereafter, refrigerant is distributed into 
the tubes 5 from the upper right outlet-side tank portion 

1 1 , flows downwardly through the tubes 5 as shown by so 
arrow "e", and flows into a right-side portion of the lower 
outlet-side tank portion 12, 

[0024] Further, refrigerant flows leftwardly as shown 
by arrow "f" through the lower outlet-side tank portion 

12, is distributed into the tubes 4, and flow upwardly ss 
through the tubes 4 as shown by arrow "g"- Thereafter, 
refrigerant is collected into the upper left outlet-side tank 
portion 13. flows leftwardly as shown by arrow "h" 



through the lank portion 1 3, and is discharged from the 
outlet 7 to the outside of the evaporator 1 . 
[0025] On the other hand, air is blown in direction A 
toward the evaporator 1 and passes through openings 
of the heat exchange portions X. Y of the evaporator 1 . 
At this time, refrigerant flowing through the tubes 2-5 
absorbs heat from air and is evaporated. As a result, air 
is cooled, and is blown into a passenger compartment 
of the vehicle to cool the passenger compartment. 
[0026] According to the first emlDodiment, the inlet- 
side heat exchange portion X including a zigzag-routed 
inlct-sido refrigerant passage indicated by arrows "a" - 
"c" in FIG. 1 is disposed on the downstream air side of 
the outlet-side heat exchange portion Y including a zig- 
zag-routed outlet-side refrigerant passage indicated by 
arrows "e" - 'h' in FIG. 1. Therefore, the evaporator 1 
can effectively perform heat exchange with excellent 
heat conductivity. 

[0027] Further, the upper right Inlet-side tank portion 
10 and the upper right outlet-side tank portion 11 dis- 
posed on the upstream air side of the tank portion 10 
directly communicate with each other through the by- 
pass holes 18 formed in the partition wall 16 disposed 
therebetween. Therefore, the inlet-side refrigerant pas- 
sage of the evaporator 1 communicates with the outlet- 
side refrigerant passage of the evaporator 1 without any 
additional refrigerant passage such as a side passage. 
Thus, a structure of the evaporator 1 is simplified and 
pressure loss of refrigerant flowing through the evapo- 
rator 1 is decreased. As a result, evaporation pressure 
and evaporation temperature of refrigerant in the evap- 
orator 1 is decreased, thereby improving cooling per- 
formance of the evaporator 1 . 

[0028] Further, refrigerant can be uniformly distribut- 
ed into the lubes 3, 5 by appropriately selling each open- 
ing area of the bypass holes la and arrangement posi- 
tions of the bypass holes 18. As a result, refrigerant is 
evaporated uniformly in the whole heat-exchange area 
of the evaporator 1 including the tubes 3, 5, thereby fur- 
ther improving cooling performance of the evaporator 1 . 
[0029] Next, the stmcture of the evaporator 1 and a 
nnanutacturing method thereof according to the first em- 
bodiments will be described with reference to FIGS. 
2-14D. 

[0030] As shown in FIG. 2. the upper tank portbns 8, 
10. 11 , 1 3 or the lower tank portions 9, 12 is formed by 
bending an aluminum thin plate. That is, the upper tank 
portions 8, 10, 11. 13 and partition wall 16 are integrally 
formed by bending a single aluminum thin plate. A cent- 
er folded portion of the aluminum thin plate forms the 
partition wall 16. Similarly, the lower tank portions 9, 12 
and the partition wall 1 7 are integrally formed by bending 
a single aluminum thin plate. The tank portions 8-1 3 are 
applied with relatively large stress by refrigerant pres- 
sure in comparison with the lubes 2-5. Therefore, for ex- 
ample, a thickness of the aluminum thin plate for forming 
the tank portions 8-1 3 is 0.6 mm so that the tank portions 
8-13 have sufficient strength. 
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[0031] Each aluminum thin plate for forming the tank 
portions 8-1 3 is a one-side ciad aluminum plate, i.e., an 
aluminum core plate (A3000) clad with brazing material 
(A4000) on only one side surface thereof, for example. 
The one-side ciad aluminum plate is disposed so that 
the surface clad with brazing material is disposed inside 
the tank portions 8-1 3 and the core plate is exposed out- 
side. Sacrifice corrosion material (e.g..AI-1. 5wl%Zn) 
may be applied to an outer surface of the core plate so 
that the core plate is sandwiched between brazing ma- 
terial and sacrifice corrosion material. As a result, anti- 
corrosion performance of the ono-sidc clad aluminum 
plate is improved. 

[0032] Referring to FIG. 3A, a single aluminum thin 
plate is bent so that an inner refrigerant passage 21 hav- 
ing a flat-shaped cross section is formed in each of the 
tubes 2-5. The inner refrigerant passage 21 is parti- 
tioned into plural small passages by the inner fins 20. 
The inner surfaces of the tubes 2-5 and each of the wave 
peak portions of the inner fins 20 are bonded so that the 
plural small passages extending in the longitudinal di- 
rection of the tubes 2-5 are partitioned in the inner re- 
frigerant passage 21 . 

[0033] As shown in FIG. 3B, the aluminum thin plate 
for forming the tubes 2-5 may be an aluminum bare 
plate, i.e., an aluminum core plate 22 (A3000) applied 
with sacrifice corrosion material 23 (e.g.. AM.5wt%2n) 
on one side surface thereof, for example. In this case, 
the aluminum bare plate is disposed so that the surface 
applied with the sacrifice corrosion material 23 is dis- 
posed outside the tubes 2-5. Since the tubes 2-5 are 
reinforced by the inner fins 20, thickness 1" of the alu- 

creased to approximately 0.25-0.4 mm. Therefore, a 
height "h" of each of the lubes 2-5 can be decreased lo 
approximately 1.75 mm in the width direction. The inner 
fins 20 are also made of an aluminum bare plate 
(A3000). 

[0034] As shown in FIG. 3G, brazing material (A4000) 
is applied to connection points on the tubes 2-5 and the 
inner fins 20 for connection between each of the tubes 
2-5 and the inner fins 20. That is, before bending an alu- 
minum thin plate 24 for forming the tubes 2-5 (hereinaf- 
ter referred to as tube thin plate 24). paste brazing ma- 
terial 24a (A4000) is applied to an inner surface of both 
lateral end portions of the tube thin plate 24. Similarly, 
before attaching the inner fin 20 to an inner surface of 
each of the tubes 2-5, paste brazing material 20a 
(A4000) is applied to each of the wave peak portions of 
the inner fin 20. Therefore, connection between the lat- 
eral end portions of the tube thin plate 24 and connection 
between the inner surface of the tube thin plate 24 and 
the inner fin 20 can be simultaneously performed when 
the evaporator 1 is integrally brazed. When the tube thin 
plate 24 is an one-side clad aluminum plate clad with 
brazing material on one side surface thereof to be dis- 
posed inside the tubes 2-5, brazing material does not 
need to be applied to the tube thin plate 24. Further, 



each of the inner fins 20 may be nnade of a both-side 
clad aluminum plate clad with brazing material on both 
side surfaces thereof. In this case, application of brazing 
material to the wave peak portions of the inner fin.20 is 
5 not needed. 

[0035] As shown in FIG. 4, in the first embodiment, 
each of end portions 25 of the tubes 2-5 in the longitu- 
dinal direction is connected lo the lank portions 8-1 3 by 
inserting end portions 25 into tube insertion holes 26 

10 formed in each flat surface of the tank portions 8-1 3. In 
order to facilitate insertion of the tubes 2-5 into the tank 
portions 8-13, each of the end portions 25 is formed as 
shown in FIG. 5 A. That is, as shown in FIGS. 3A, SA, 
each of the tubes 2-5 has an end enlarged portion 27 at 

IS which the lateral end portions of the tube thin plate 24 
are connected with each other. As shown in FIG. 5A, the 
end enlarged portion 27 is cut off at both longitudinal 
ends of each of the tubes 2-5. thereby forming a recess 
portion 27a. That is. each end portion 25 of tubes 2-5 

20 does not have the end enlarged portion 27. As a result, 
each of the longitudinal end portions 25 has a substan- 
tially oval cross-section. As shown in FIG. 5E, the recess 
portion 27a is used as positioning stopper for each of 
the tubes 2-5 when the end portion 25 is inserted into 

25 the tube insertion hole 26. As a result, insertion of the 
tubes 2-5 into the tank portions 8-1 3 is facilitated. FIG. 
5E shows only one of the downstream air side and the 
upstream air side of the tank portions 8-1 3 and the tubes 
2-5 for brevity. 

30 [0036] Each tube insertion hole 26 is formed into an 
oval shape corresponding to a cross -sectional shape of 
each end portion 25 of the tutDes 2-5. Each of the tube 
jpioSfticn hole 26 has a projecting portion 26a formed to 
project outside the tank portions 8-13 along a circum- 

3S ference of Ihe lube insertion hole 26. As shown in FIG. 
4, when each of the end portions 25 of the tubes 2-5 is 
inserted into the tube insertion holes 26, inner surfaces 
of the projecting portions 26a of the tank portions 8-13 
contacts each of the end portions 25. Therefore, the tank 

40 portions 8-1 3 and the tubes 2-5 can be connected with 
each other through brazing material applied on the inner 
surfaces of the tank portions 8-1 3. 
[0037] As shown in FIG . 6, the projecting portions 26a 
may project inside the tank portions 8-13. In this case, 

45 brazing material may be applied to each of the end por- 
tions 25 of the tubes 2-5 before inserting the tubes 2-5 
into the tank portions 8-13. Therefore, the tank portbns 
8-13 and the tubes 2-5 can be brazed with each other 
through brazing material applied onto each of the end 

50 portions 25. 

[0038] As shown in FIG. 7, the corrugated fin 19 has 
well-known louvers 1 9a formed by cutting and standing 
slantingly. The corrugated fin 1 9 is made of an aluminum 
bare plate (A3000). Therefore, after brazing material 

55 1 9b is applied to each of wave peak portions of the cor- 
rugated fin 1 9, the corrugated fin 1 9 is connected to the 
tubes 2-5 by the wave peak portions through the brazing 
material 1 9b. 
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[0039] As shown In FIG. 8, the partition plates 14, 15 
are integrally formed using a single plate member 27 so 
that attachment of the partition plates 1 4, 1 5 to the tank 
portions 8, 1 0. n and 1 3 is facilitated. The plate member 
27 forming the partition plates 14, 15 is made of a both- 
side clad aluminum plate, i.e., an aluminum core plate 
(A3000) clad with brazing material (A4000) on both side 
surfaces thereof, for example. 

[0040] The plate member 27 has a slit groove 27a en- 
gaged with the partition wall 16 disposed between the 
tank portion 8 and the tank portion 1 0 and between the 
tank portion 1 0 and the tank portion 11 . A slit groove 28 
into which the partition piatc 1 4 is inserted is formed be- 
tween the tank portion 8 and the tank portion 10, and a 
slit groove 29 into which the partition plate 1 5 is inserted 
is formed between the tank portion 1 1 and the tank por- 
tion 13. The partition plates 14. 15 are respectively in- 
serted into the slit grooves 28. 29 while the slit groove 
27a is engaged with the partition wall. 16. Therefore, the 
partition plates 14. 15 are connected to the tank portions 
8, 10, 11 and 13 using brazing material applied on the 
both side surfaces of the plate member 27 and brazing 
material applied on the inner surfaces of the tank por- 
tions 8, 10. 11 and 13. ThuS: the tank portion 8 and the 
-tank portion 1 0 are partitioned from each other, and the 
tank portion 11 and the tank portion 13 are partitioned 
from each other. The partition plates 14, 1 5 may be sep- 
arately formed. 

[0041] FIG. 9 shows a lid portion 30 for the tank por- 
tions 8-13, As shown in FIG. 1, the tank portions 8-13 
have four longitudinal end openings, that is, upper-right 
end opening., upper-left end opening, lower-right end 
opening and lower-left end opening. The lid portion 30 
is attached to each of the three end openings, except 
for the upper-left end opening at which the inlet 6 and 
outlet 7 are disposed. The lid portion 30 is formed into 
a bowl-like shape through pressing using an one-side 
clad aluminum plate clad with brazing material on one 
side surface thereof. The surface clad with brazing ma- 
terial is set to an inner surface of the lid portion 30. The 
inner surface of the lid portion 30 is engaged with and 
connected to an outer surface ef each of the three lon- 
gitudinal and portions ofthe tank portions 8-1 3 through 
brazing material applied on the inner surface of the lid 
portion 30. Thus, the three longitudinal end openings of 
the tank portions 8-1 3 except for the upper left end open- 
ing where the inlet 6 and the outlet 7 are formed, are 
closed. 

[0042] Next, a pipe joint portion of the evaporator 1 
will be described with reference to FIGS. 10-12C. The 
pipe joint portion is disposed at the upper-left end open- 
ing of the tank portions 8,13. As shown in FIG. 10, the 
pipe joint portion includes a lid portion 31 , an interme- 
diate plate member 32 and a joint cover 33. As shown 
in FIG. 11. the lid portion 31 is formed through pressing 
using a both-side clad aluminum plate clad with brazing 
material on both side surfaces thereof: and is connected 
to the upper-left end portion of the tank portions 8, 13. 



The lid portion 31 includes the inlet 6 communicating 
with the tank portion 8 and the outlet 7 communicating 
with the tank portion 13. 

[0043] As shown in FIG. 12C, the intermediate plate 
5 member 32 has an inlet-side opening 32a communicat- 
ing with the inlet 6, an outlet-side opening 32b commu- 
nicating with the outlet 7 and a protruding portion 32c 
protruding from a position adjacent the inlet-side open- 
ing 32a obliquely. The intermediate plate member 32 is 
'fo made of an aluminum bare plate {A3000) on which the 
brazing material is not clad. 

[0044] The joint cover 33 is made of an one-side clad 
aluminum plate clad with brazing material on one side 
surface thereof. The joint cover 33 is connected to the 

75 intermediate plate member 32 so that the surface clad 
with brazing material of joint cover 33 faces the interme- 
diate plate member 32. The joint cover 33 has a passage 
forming portion 33a, a connection opening 33b formed 
at an end of the passage forming portion 33a, and a cy- 

20 lindrical portion 33c, The passage fomning portion 33a 
is formed into a semi-cylindrical shape, and covers the 
Intermediate plate member 32 from the inlet-side open- 
ing 32a tea protruding end portion of the protruding por- 
tion 32c. The cylindrical portion 33c is formed to pro- 

25 trude from a surface of the joint cover 33. and commu- 
nicates with the outlet-side opening 32b of the interme- 
diate plate member 32. The connection opening 33b of 
the joint cover 33 is connected to an outlet of the expan- 
sion valve, and the cylindrical portion 33c thereof is con- 

30 nected to an inlet of a gas refrigerant temperature de- 
tecting portion of the expansion valve. 
[0045] The pipe joint portion is fonmed by Integrally 
brazing the lid portion 31 , the intennediate plate mem- 
ber 32 and the joint cover 33. Accordingly, referring to 

3S FIGS. 11, 12A, even when a pipe pilch P2 between an 
inlet and an outlet of the expansion valve is smaller than 
a pipe pitch PI between the inlet 6 and the outlet 7. dif- 
ference therebetween can be absorbed by the pipe joint 
portion. 

40 [0046] FIGS. 13A-13C show three examples of the 
bypass hole 18. In FIGS. 13A-13C, the bypass hole 18 
is formed in the partition wall 16 (i.e., a center folded 
portion) between the tank portions 10, 11 to have a pro- 
jecting portion alone its circumferences 

45 [0047] A method of forming the bypass hole 1 8 will be 
described with reference to FIGS. 14A-14D. First, as 
shown in FIG. 14A, a flue hole 34a with a projecting por- 
tion and a stamped hole 34b without a projecting portkDn 
are formed by pressing in an aluminum thin plate 34 

so forming the tank portions 8, 10, 11 and 13 (hereinafter 
the aluminum thin plate 34 is referred to as tank thin 
plate 34), The stamped hole 34b has a suitable diameter 
so that the projecting portion of the flue hole 34a can be 
inserted into the stamped hole 34b. Next, as shown in 

55 FIG. 14B, the tank thin plate 34 is bent to have a U- 
shape so that the flue hole 34a faces the stamped hole 
34b. Then, as shown In FIG. 14C, the projecting portion 
of flue hole 34a is inserted into the stamped hole 34b, 
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Further, as shown in FIG 1 4D, an end portion of the pro- 
jecting portion is bent toward an outer circumferential 
side for clamping. As a result, the projecting portion of 
the flue, hole 34a is restricted from releasing from the 
stamped hole 34b, and the bypass hole 18 is formed. 
[0048] According to the first embodiment of the 
present invention, the tank portions 8-13 and the tubes 
2-5 are formed separately, and then integrally connect- 
ed with each other. Therefore, the thickness of the tank 
portions 8-1 3 can be increased so that the tank portions 
8-1 0 are reinforced, while the thickness of the tubes 2-5 
is sufficiently decreased so that minuteness between 
the tubes 2-5 and the corrugated fins 1 9 is improved. As 
a result, the evaporator 1 becomes compact and has a 
sufficient cooling performance. 

[0049] Further, the upper tank portions 8. 10. 11, 13 
are formed by bending a single aluminum thin plate, and 
the lower tank portions 9, 12 are formed by bending a 
single aluminum thin plate, as shown in FIGS. 2, 14A- 
14D. Therefore, brazing material does not need to be 
applied on an outer surface of the aluminum thin plate 
for forming the tank portions 8-1 3, thereby improving an- 
ticorrosion performance of the tank portions 8-1 3. 
[0050] Similarly, brazing material also does not need 
to be applied on an outer surface of the tubes 2-5, there- 
by improving antlcorrosion perfonmance of the tubes 
2-5. Further, since no brazing material is applied on the 
outer surface of the tubes 2-5, a surface treated layer of 
the tubes 2-5 is efficiently formed. As a result, water- 
draining performance on the evaporator 1 is improved, 
thereby restricting the evaporator 1 from generating un- 
pleasant smell. 

[0051] Further, ti^iS corrjgatedfins 1 9 are not applied 
with brazing material, either. Therefore, a surface treat- 
ed layer of the corrugated fins 19 is also efficiently 
formed. As a result, water-draining performance on the 
evaporator 1 is improved, thereby restricting the evap- 
orator 1 from generating unpleasant smell. 
[0052] A second preferred embodiment of the present 
invention will be described with reference to FIGS. 15, 
16. In this and following embodiments, components 
which are similar to those in the first embodiment are 
indicated with the same reference numerals, and the ex- 
planation thereof is omitted, numerals, and the explana- 
tion thereof is omitted 

[0053] In the second embodiment, as shown in FIG. 
1 5. a partition plate 35 having a throttle hole 35a is in- 
serted into a slit groove 36 formed at an appropriate po- 
sition in the tank portions 8-13 so that distribution uni- 
formity of refrigerant into the tubes 2-5 is improved. The 
partition plate 35 is made of the same material as that 
of the partition plates 14-15 in the first embodiment. 
[0054] FIG. 16 shows an example of mounting posi- 
tion of the partition plate 35 including first and second 
partition plates 35 A, 35 B in the evaporator 1 . As shown 
in FIG- 1 6, the partition plate 35 A is disposed in the low- 
er inlet-side tank portion 9 between the tubes 2 and 3. 
In the above-described first embodiment, as shown in 



FIG, 1, an inlet through which refrigerant is introduced 
into the tubes 3 and an outlet through which refrigerant 
is discharged from the tubes 5 are arranged in a center 
part of the evaporator 1 in the width direction in FIG. 1. 

5 Therefore, when refrigerant flows through the lower in- 
let-side tank portion 9 as shown by arrow "b", refrigerant 
tends to flow through the tubes 3, 5 disposed around the 
center part of the evaporator 1 in the width direction to 
take a shortcut. 

10 [0055] According to the second embodiment of the 
present invention, a flowing amount of refrigerant flow- 
ing through the lower inlot-sidc tank portion 9 is throttled 
by the throttle hole 35a of the first partition plate 35A. 
Therefore, a velocity of refrigerant passing through the 

15 throttle hole 35a is increased, thereby enabling refriger- 
ant to reach an innermost part (i.e., right end part in FIG. 
16) of the tank portion 9. As a result, refrigerant suffi- 
ciently flows through not only the tubes 3 disposed at 
the center part of the evaporator 1 but also the tubes 3 

20 at the right end of the evaporator 1 , thereby further im- 
proving distribution uniformity of refrigerant into the 
tubes 3, 5. 

[0056] Further, in the second embodiment of the 
present invention, as shown in FIG. 16, the second par- 
25 tition plate 35B is disposed in the lower outlet-side tank 
portion 12 at a center part of the tubes 4 in the width 
directbn in FIG. 1 .. In the above-described first embod- 
iment, as shown in FIG. 1 , an inlet through which refrig- 
erant is introduced into the tubes 4 is located at a center 
30 part of the evaporator 1 in the width direction, and an 
outlet through which refrigerant is discharged from the 
tubes 4 Is located at a left end part of the evaporator 1 
in tne width direction in FIG. 1. Therefore, wherr refrig- 
erant flows through the lower outlet-side tank portion 12 
35 as shown by arrow "f, refrigerant lends to flow through 
the tubes 4 disposed at the left end part of the evapora- 
tor 1. 

[0057] According to the second embodiment of the 
present invention, a flowing amount of refrigerant flow- 
40 ing through the lower outlet-side tank portion 1 2 is throt- 
tled by the throttle hole 35a of the second partition plate 
358, thereby restricting refrigerant from intensively flow- 
ing through the tubes 4 disposed at the left end part of 
the evaporator 1. As a result, refrigerant sufficiently 
45 flows through not only the tubes 4 disposed at the left 
end part of the evaporator 1 but also the tubes 4 at the 
center part of the evaporator 1 , thereby improving dis- 
tribution uniformity of refrigerant flowing Into the tubes 4. 
[0058] A third preferred embodiment of the present in- 
50 vention will be described with reference to FIGS. 1 7-1 9. 
[0059] In the third embodiment of the present inven- 
tion, as shown in FIG. 17, the evaporator 1 has tubes 
42-45 arranged In parallel with each other in the width 
direction. As shown in FIG, 19, both upstream and 
55 downstream tubes in the tubes 42; 44 in the air flowing 
direct k3n A are integrally formed by^ bending a single 
aluminum thin plate, and both upstream and down- 
stream tubes in the tubes 43, 45 in the air flowing direc- 
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tion A are also integrally formed by bending a single alu- 
minum thin plate. 

[0060] According to the third embodiment, both tubes 
arranged at upstream and downstream sides in the air 
flowing direction can be integrally formed, and can be s 
integrally Inserted into the upper tank portions 8, 10. 11, 
13 or can be integrally into the lower tank, portions 9, 
12 Therefore, assembly efHciency of the evaporalor 1 is 
further improved. 

[0061] Although the present invention has been fully io 
described In connection with preferred embodiments 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
will become apparent to those skilled in the art. 
[0062] For example, in the above-described first em- is 
bodiment of the present invention, each of the bypass 
holes 1 8 is formed into a rectangle shape to have a uni- 
form opening area. However, since refrigerant tends to 
flow Into an innermost part (Le.. right end part in FIG. 1 ) 
of the tank portion 9 due to inertia, the opening areas of 20 
the bypass holes 1 8 may be decreased toward the right 
side in FIG. 1. As a result, distribution uniformity of re- 
frigerant flowing from the tank portion 11 to each of the 
tubes 5 is further improved. Further, each of the bypass 
holes 1 8 may be formed into a round shape or the other 25 
shape. 

[0063] In the above -described embodiments, the 
present invention is typically applied to a refrigerant 
evaporator for a refrigerant cycle. However, the present 
invention may be applied to a heat exchanger in which 30 
a first fluid flowing inside the heat exchanger is heat- 
exchanged with a second fluid flowing outside the heat 
exchanger. 

[0064] In the above-described embodiments, the 
lubes 2-5 are arranged in Iwo rows In the air flowing di- 35 
rection A, and the tank portions 8-1 3 are also arranged 
in two rows in the air flowing direction A to correspond 
to the tubes 2-5. However, the tubes 2-5 may be ar- 
ranged in plural rows more than two rows in the air flow- 
ing direction A, and the tank portions 8-13 may be ar- 40 
ranged to correspond to tubes 2-5 arranged in the plural 
rows. 

[0065] Such changes and modifications are to be un- 
derstood as being within the scope of the present inven- 
tion as defined by the appended claim. 4S 



Claims 

1. An evaporator for performing heat exchange be- so 
tween refrigerant flowing therethrough and external 
fluid flowing outside said evaporator, said evapora- 
tor comprising: 

a plurality of tubes (2-5, 42-45) through which ss 
refrigerant flows, said tubes being arranged in 
parallel with each other in a width direction per- 
pendicular to a flow directbn (A) of the external 
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fluid, and being arranged in plural rows in the 
flow direction of the external fluid; 
atank (8-1 3) for distributing refrigerant into said 
tubes and for collecting refrigerant from said 
tubes, said lank being disposed at both ends of 
each tube; and 

a partition wall member (16, 17) for defining 
said lank into plural lank portions extending in 
the width directk)n. said tank portions being ar- 
ranged to correspond to said tubes in the plural 
rows in the flow direction of the external fluids 
wherein: 

said tank has an inlet (6) through which refrig- 
erant is introduced, and an outlet (7) through 
which refrigerant having passes through said 
tank portions and said tubes is discharged; and 
said partition wall has bypass passage means 
(18) through which tank portions adjacent to 
each other in the- flow directk^n of the external 
fluid communicate with each other. 

2. The evaporator according to claim 1 . wherein said 
bypass passage means is plural holes (18) ar- 
ranged in the width direction. 

3. The evaporator according to claim 2. wherein each 
of said holes have the same opening area. 

4. The evaporator according to claim 2, wherein said 
holes have different opening areas different from 
each other said opening areas of said holes being 
gradually decreased in the width directran. 

5. The evaporator according to any one of claims 1 -4, 
wherein said inlel and said outlet are respectively 
provided in said tank portions at the same end side 
In the width direction. 

6. The evaporator according to any one of claims 1 -5, 
wherein said tubes and said tank portions are inte- 
grally connected to each other after being separate- 
ly formed, 

7. The evaporator according to claim 6, wherein: 

said tank portions and said partition wall having 
said bypass passage means are formed by 
bending a first metal thin plate (34); and 
said bypass passage means are fonned from 
a hole (34a, 34b) formed in said first metal thin 
plate. 

8. The evaporator according to claim 1 , wherein each 
of said tubes is formed by bending a second metal 
thin plate (24). 

9. An evaporator for performing heat exchange be- 
tween refrigerant flowing therethrough and extemal 
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fluid flowing outside said evaporator, said evapora- 
tor comprising: 

a plurality of upstream tubes (4, 5, 44, 45) 
through which refrigerant flows in a longitudinal 
direction of each upstream tube, said upstream 
tubes being arranged in parallel with each other 
In a width direction perpendicular to both of a 
flow direction (A) of the external fluid and the 
longitudinal direction of said upstream tubes, 
a plurality of downstream tubes (2, 3, 42. 43) 
through which refrigerant flows in tho longitudi- 
nal direction, said downstream tubes being ar- 
ranged in parallel with each other in the width 
direction at a downstream side of said up- 
stream tubes in the flow direction of the external 
fluid; 

a tank (8-1 3) for distributing refrigerant into said 
upstream and downstream tubes and for col- 
lecting refrigerant from said upstream and 
downstream tubes, said tank having an up- 
stream tank portbn (11-13) connecting to each 
one side end of said upstream tubes in the lon- 
gitudinal direction, and a downstream tank por- 
tion (8-10) connecting to each one side end of 
said downstream tubes in the bngitudinal di- 
rection; 

a first partition member (16, 17) extending in 
the width direction, said first partition member 
being disposed between said upstream and 
downstream tank portion to define said up- 
stream and downstream tank portions; and 
a second partition member ( 1 4, 1 5) Icr partition- 
ing a passage of said upstream tank portion into 
first and second upstream lank passages (11, 
1 3) in the width direction, and for partitioning a 
passage of said downstream tank portion into 
first and second downstream tank passages (8, 
10) in the width direction, wherein: 
said downstream tank portion has an inlet (6) 
for introducing refrigerant into said first down- 
stream tank passage communicating with said 
inlet, at an end side in the width direction; 
said upstream tank portion has an outlet (7) for 
discharging refrigerant from said first upstream 
tank passage (13) communicating with said 
outlet, at the same side of said inlet in the width 
direction; and 

said first partition member has bypass passage 
means (18) between said second upstream 
tank passage and said second downstream 
tank passage so that said second upstream 
tank passage communicates with said second 
downstream tank passage through said bypass 
passage means. 

10. The evaporator according to claim 9, wherein said 
bypass passage means is plural holes (18) ar- 



ranged in a row in the width direction, betvveen the 
said second upstream tank passage and said sec- 
ond downstream tank passage 

s 11. The evaporator according to claim 10, wherein said 
second partition member (14, 15) is disposed at 
each approximate center of said upstream and 
downstream lank portions in the width direction. 

10 12. The evaporator according to any one of claims 10 
and 1 1 , wherein each of said holes have the same 
opening area. 
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13. The evaporator according to any one of claims 10 
and 1 1 , wherein said holes have different opening 
areas different from each other, said opening areas 
of said holes being gradually decreased in a flowing 
directran of refrigerant flowing from said inlet to said 
first downstream passage in the width direction. 

1 4. The evaporator according to any one of claims 9-1 3, 
wherein: 

said upstream and downstream tank portions 
and said first partition member are formed by 
bending a single first metal thin plate (34); and 
said bypass passage means are formed from 
a hole (34a, 34b) formed in said first metal thin 
plate. 

1 5. The evaporator according to any one of claims 9-1 4, 
wherein each of said tubes is formed by bending a 

single second metal thin piate (24). 

16. A method for manufacturing a refrigerant evapora- 
tor having plural tubes (2-5, 42-45) arranged in par- 
allel with each other in a width direction perpendic- 
ular to a flow direction (A) of external fluid and fur- 
ther arranged in plural rows in the flow direction of 
the external fluid, and a tank (8-1 3) for distributing 
refrigerant into said tubes and for collecting refrig- 
erant from said tubes, said method comprising: 



a tube forming step for forming each of said 
^5 tubes by bending a single first metal plate (24); 

a tank forming step for forming said tank includ- 
ing a partition wall (16, 17) defining said tank 
into plural tank portions (8-1 3) corresponding 
to said tubes arranged In the plural rows in the 
50 flow direction of the external fluid, said partition 

wall having an opening (18) through which ad- 
jacent said tank portions communicate with 
each other, wherein said tank portions and said 
partition wall having said opening are formed 
55 by bending a single second metal plate (34); 

and 

a connecting step for connecting said tank por- 
tions and said tubes after separately forming 
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said tank portions and said tubes. 

17. The method according to claim 16, wherein said 
tank forming step includes 

a hole, forming step for forming a stamped 
through hole (34b) and a flue hole (34a) having 
a projecting and around said flue hole in said 
. second metal plate, and 

an opening forming step for forming said open- io 
ing in said partrtbn wall, said opening forming 
stop having 

bending said second metal plate in a U-shapc 
where said through hole and said flue hole face 
to each other, is 
inserting said projecting end into said through 
hole, and 

clamping said projecting end to an outer cir- 
cumferential side so that said , opening is 
formed. 20 
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